Objective: Permanent mandibular second molar impaction can lead to dental problems including periodontal pockets. In this study, uprighting of impacted mandibular second molars was carried out. Two surgical techniques were compared for time taken to upright the impacted mandibular second molar and if any periodontal pocket was formed on the distal aspect of the uprighted molar due to the surgical removal of bone distal to the impacted second molar after uprighting. Materials and Methods: A total of 20 subjects with impacted mandibular second molars were chosen from our orthodontic practice for this study. All the second molars were mesio-angularly impacted and unerupted. The subjects were divided into two groups. Group I comprised ten subjects with the cementoenamel junction (CEJ) of the unerupted impacted second molar apical to the level of the alveolar ridge. Group II comprised ten subjects with the CEJ of the unerupted impacted second molars at or coronal to the level of the alveolar ridge. 1.8 mm diameter and 10 mm length self-drilling microscrews (3M Unitek temporary anchorage devices) were placed into the retromolar area distal to the impacted second molars. Groups II and I underwent surgical exposure of the impacted second molars and placement of 10 mm length microscrews. In Group I subjects, bone was removed from the entire distal aspect (furrowing) of the impacted second molar. Group II subjects did not undergo any removal of bone on the distal aspect of the impacted second molars. One button each was bonded on the buccal and lingual surfaces of the surgically exposed second molars. Elastomeric chains were attached from the microscrew head to the buccal and lingual buttons so as to bodily upright the molar. After complete uprighting, a single examiner (periodontist) who was blinded to the type of surgical technique evaluated the periodontal status of the second molar by clinical probing of the sulcus depth (SD). The comparison of the significance of the difference of average duration and average SD between the two study groups was tested using Mann-Whitney U-test (a nonparametric test). The value of P < 0.05 is considered to be statistically significant. Results: Average duration of uprighting was significantly longer in Group II compared to Group I (P < 0.001). SD on an average is significantly deeper in Group I (furrowing) as compared to Group II (no furrowing) at distal surfaces
INTRODUCTION
The famous scholar Archimedes (287-212 BC) was once quoted as saying, "Give me a lever and I will move the world." Humankind has been aware of the need of anchorage and establishing equilibrium in all walks of life since prehistoric times. With the advent of temporary anchorage devices (TADs) in mainstream orthodontic treatment, the need for preparing anchorage for orthodontic tooth movement drastically reduced. Tooth movements that were hitherto not possible with conventional orthodontic mechanics suddenly came into the realm of the routine. Orthodontic practitioners certainly face plenty of clinical challenges on a day-to-day basis. Permanent mandibular second molar impaction can lead to dental problems including periodontal pockets. Incidence is 0.6/1000-3/1000 -(0.05%-1%). [1, 2] One of the most challenging of these is the correction of impacted mandibular second molars [ Figure 1 ]. Clinicians have approached this challenge innovatively and successfully [2] [3] [4] [5] [6] [7] but correction of impacted lower second molars is a time-consuming process. Development of microscrews led to the uprighting of impacted mandibular second molars becoming more predictable [ Figure 2 ]. [8] [9] [10] [11] [12] [13] [14] Microscews are TADs that are temporarily fixed to bone for the purpose of enhancing orthodontic anchorage either by supporting the teeth of the reactive segment or by eliminating the need for the reactive segment altogether, and which are subsequently removed after use.
Comparison of two surgical techniques was carried out to evaluate the time taken to upright the impacted mandibular second molar and to observe if any periodontal pocket was formed on the distal aspect of the uprighted molar.
This study was conducted to answer two questions: 1. Does the creation of a "furrow" (surgical removal of bone-ditching) on the distal aspect of the impacted mandibular second molar hasten the uprighting process? 2. What is the impact on the periodontium surrounding the uprighted second molar when "furrowing" is carried out on the distal surface of the impacted second molar?
MATERIALS AND METHODS
Twenty subjects with impacted mandibular second molars (aged 12-18 years) were selected from our orthodontic practice for this study. Informed consent was obtained from all subjects. Cases were selected based on the following criteria:
• Absence of third molars. Third molars, if present, were extracted in all cases • All the second molars were mesio-angularly impacted and unerupted • The angle of inclination between the impacted mandibular second molar and the mandibular first molar was not considered.
The twenty subjects were divided into groups I and II. Group I comprised ten subjects with the cementoenamel junction (CEJ) of the unerupted impacted second molar apical to the level of the alveolar ridge [ Figure 3 ].
Group II comprised ten subjects with the CEJ of the unerupted impacted second molars at or coronal to the level of the alveolar ridge [ Figure 4 ]. 1.8 mm diameter and 10 mm length self-drilling microscrews (3M Unitek TADs) (P < 0.001 for all distal sites). Average SD did not differ significantly between Groups II and I at mesial surfaces (P > 0.05 for all mesial sites). Conclusion: In Group I subjects, uprighting was hastened in comparison to Group II subjects where the CEJ was at or coronal to the alveolar bone. The furrowing of the bone does cause a deepening of the SD on the distal surface of the second molar, but this is not clinically significant. This deepening cannot be termed as a periodontal pocket as it is well within normal limits.
Key words: Furrowing, mandibular impacted second molars, microscrews, periodontal pocket, sulcus depth, uprighting were placed into the retromolar area distal to the impacted second molars [ Figure 5 ]. In cases where third molars were extracted, the minimum wait period till the microscrew was placed was 3 months. In cases where the soft tissue thickness was more, an "O" cap over the microscrew head (3M Unitek) was placed, to prevent soft tissue coverage of the microscrew head during uprighting of the impacted second molar. Groups II and I underwent surgical exposure of the impacted second molars and placement of 10 mm length microscrew in the retromolar area. The incision was made on the distal aspect of the first molar. Full thickness mucoperiosteal flap was raised to expose the crown of the impacted mandibular second molar. In the 10 Group I subjects, bone was removed from the entire distal aspect of the impacted second molars.
Bone removal was in the form of a "furrow" (ditch) 2 mm wide upto the CEJ (average depth was 2 mm) [ Figure 6a ]. The 10 Group II subjects did not undergo any removal of the bone on the distal aspect of the impacted second molars [ Figure 6b ].
The procedure of creating a furrow involved removal of bone from the distal aspect of the impacted mandibular second molar upto the level of the CEJ without damage to the buccal and lingual cortical plates. Creation of the furrow was initiated using an HP 8 round bur (SS White) to determine the buccolingual extent of the furrow and subsequently, the SW 702 straight fissure (SS White) bur was used to complete the ostectomy [ Figure 7 ].
One button each was bonded on the buccal and lingual surfaces of the surgically exposed second molars. Elastomeric chains were attached from the microscrew head to the buccal and lingual buttons so as to bodily upright the molar [ Figure 8 ]. Force level was maintained at 150 g on each side (buccal and lingual). Reactivation of the force was performed every 2 weeks. Uprighting of the second molar was observed clinically at intervals of 2, 4-12, 14 and 16 weeks. Gingival sulcus is "V" shaped and barely permits the entrance of periodontal probe [ Figure 9 ]. Clinically, the sulcus is 1-2 mm deep (maximum 3 mm).
Histologically, it is generally 1.8 mm deep. The factors considered while probing sulcus depth (SD) were shape and size of the probe tip, force with which introduced, direction of penetration, resistance of tissues, degree of tissue inflammation, and convexity of crown. The probing technique used was as follows: The probe was inserted along long axis of tooth and parallel to vertical axis of tooth. The probe was "walked" circumferentially around the tooth to detect areas of deepest penetration [ Figure 10 ]. The SD was probed with a University of North Carolina probe. After complete uprighting, a single examiner (periodontist) who was blinded to the type of surgical technique used on the twenty subjects evaluated the periodontal status of the second molar by clinical probing of the SD. The probing was carried out for a minimum of three times on each uprighted second molar by the blinded examiner. This validated the relatively subjective SD measurement at the level of the individual patient. The blinded examiner recorded the SD at the distobuccal line angle, the distal surface and the distolingual line angle. The depth was also measured at the mesiobuccal line angle, the mesial surface and the mesiolingual line angle. The SD was recorded 8 weeks after uprighting of the molar. Data analysis was carried out by tabulating and comparing the time taken for uprighting the second molar in Group I (where furrowing of the bone was carried out) and Group II (where no furrowing of the bone was carried out). The SDs measured at six different sites on the uprighted second molars were tabulated and compared between Groups II and I.
Comparison of SD between individual distal and mesial surface sites between the two groups was also carried out.
Values on the duration of uprighting and SD have been shown as mean ± standard deviation across the two study groups. The comparison of significance of the difference of average duration and average SD between the two study groups was tested using Mann-Whitney U-test (a nonparametric test). P < 0.05 is considered to be statistically significant. The entire statistical analysis was performed using Statistical Package for Social Sciences (version 11.5, IBM Corporation, Armonk, New York, USA) for MS Windows.
RESULTS
The mean average duration of uprighting of the impacted second molar in Group I was 4.8 ± 0.9 weeks and in Group II was 9.5 ± 2.1 weeks. The average duration of uprighting was significantly longer in Group II as compared to Group I (P < 0.001). The mean SD on an average on the distal surface was 2.4 ± 0.1 mm in Group I and 1.3 ± 0.1 mm in Group II. On the mesial surface the SD was recorded as 1.3 ± 0.2 mm in Group I and 1.1 ± 0.2 mm in Group II. SD was significantly deeper in Group I (furrowing) as compared to Group II (no furrowing) at distal surfaces (P < 0.001 for all distal sites). Average SD did not differ significantly between Groups II and I at mesial surfaces (P > 0.05 for all mesial sites) [ Table 1 ].
The graph below depicts the comparison of duration of uprighting between the two groups [Graph 1]. Table 2 depicts the comparison of SD between individual distal and mesial surface sites in Group I and II.
The graph below depicts the comparison of SD between the two groups on the distal and mesial surface sites [Graph 2].
Comparison of SD was also carried out between individual distal and mesial surface sites in Group I and II that is depicted in the graph below [Graph 3].
DISCUSSION
Uprighting of mandibular impacted second molars is a challenge for every orthodontist. [15] All conventional orthodontic mechanics are successful in uprighting these molars but the treatment takes time and also complicated biomechanics is involved. [3, [16] [17] [18] With microscrews, the correction of the impacted molars has become more predictable. [8] [9] [10] [11] [12] [13] [14] However even with the use of microscrews, the uprighting of the impacted molars takes time and effort. [19] This region is relatively horizontal with good bone. [20] If a microscrew is placed in the external oblique ridge, however, the cheek usually folds over the head of the microscrew implant and becomes traumatized by the upper buccal cusps in maximum intercuspation or lateral excursive movements. Placing the microscrew in the retromolar area is preferred since the area is horizontal with relatively good bone and also the microscrew can be centered buccolingually and forces can be attached from the microscrew to both the buccal and lingual of the teeth so that the teeth feel a pure posterior force. If desired, the force can be attached only to the buccal or lingual of the teeth, which would provide great control if narrowing or expansion were desirable, respectively. Rotation control is also possible with this location. [21] In this study, the authors used an innovative surgical technique to enhance and hasten the uprighting of the mandibular second molars. The chief resistance to uprighting the impacted second molar is the thick bone present distal to the impacted molar. The location of the second molar dictates the time taken for uprighting. Many a times, the CEJ of the unerupted impacted second molar is apical to the level of the alveolar ridge. In such cases, the uprighting of the molar is predicted to be difficult and time-consuming because of the thick mandibular bone. However in cases where the CEJ of the unerupted impacted second molars is at, or coronal to the level of the alveolar ridge, the uprighting is supposed to be comparatively easier and faster. This study was designed to compare two surgical techniques used to upright the impacted second molars with the help of microscrews. Twenty subjects were selected to take part in this study. Informed consent was procured from the subjects and the procedure was explained to them in detail. The subjects were divided into groups I and II comprising 10 subjects each. In Group I the CEJ of the unerupted impacted second molar was apical to the level of the alveolar ridge whereas in Group II the CEJ was at or coronal to the level of the alveolar ridge. In cases where third molars were extracted, the minimum wait period till the microscrew was placed was 3 months. Both the groups underwent surgical exposure of the impacted second molars and placement of 1.8 mm diameter and 10 mm length microscrews in the retromolar area. The incision was made on the distal aspect of the first molar to raise a full thickness mucoperiosteal flap to expose the crown of the impacted mandibular second molar. In Group I bone was removed from the entire distal aspect of the impacted second molars in the form of a furrow (ditch) 2 mm wide upto the CEJ (average depth was 2 mm) without damage to the buccal and lingual cortical plates [ Figure 6a ]. The objective of creating a furrow on the distal aspect of the impacted tooth was to facilitate the early and rapid movement or prevent delayed movement due to osseous (bony) obstacle following application of orthodontic force. In Group II the subjects did not undergo any removal of the bone [ Figure 6b ].
One button each was bonded on the buccal and lingual surfaces of the surgically exposed second molars. Force was applied from the microscrew head to the buccal and lingual buttons so as to bodily upright the molar [ Figure 8 ]. Force level was maintained at 150 g on each side (buccal and lingual). Reactivation of the force was done every 2 weeks. The authors felt that removing bone in such a manner may leave the distal surface of the uprighted molars vulnerable to the formation of a periodontal pocket. Hence, it was decided to study the SD on the distal surface of the uprighted molars. After complete uprighting, a single examiner (periodontist) who was blinded to the type of surgical technique used on the twenty subjects evaluated the periodontal status of the second molar by clinical probing of the SD. In both the groups, uprighting was carried out effectively and efficiently. Group I where furrowing of bone was carried out on the distal aspect of the impacted second molar showed predictably faster uprighting. Uprighting period of impacted lower second molars in Group I subjects was 4.8 ± 0.9 weeks and in Group II was 9.5 ± 2.1 weeks on an average [ Figure 11 ]. Although the SD was found to be deeper on the distal aspect of these molars, this deepening cannot be termed as a periodontal pocket as it is well within normal limits of 2-3 mm [ Figure 12 ]. We followed the uprighting and measured the SD upto 16 weeks. The findings of this study would have had more bearings if the SDs were measured over a longer period to evaluate for periodontal pocket formation. Bilateral impacted mandibular second molars also took about the same time to upright [ Figure 13 ].
CONCLUSIONS
1. Use of microscrews in the mandibular retromolar area to upright the mesio-angularly impacted second molar is an effective and predictable method 2. Uprighting period of impacted lower second molars in Group I subjects was 4.8 ± 0.9 weeks and in Group II was 9.5 ± 2.1 weeks on an average 3. Although the CEJ of the impacted tooth in Group I subjects was apical to the alveolar bone, uprighting was hastened in comparison to Group II subjects where the CEJ was at or coronal to the alveolar bone 4. This was most likely due to the furrowing of the bone at the distal aspect in Group I subjects 5. The distal surface of the uprighted second molar in Group I patients on an average showed a significant increase in SD compared to subjects in Group II (P < 0.001 for all distal sites) 6. Furrowing of the bone did cause a deepening of the SD on the distal surface of the second molar, but this is not clinically significant as the SD in Group I subjects on an average was 2-3 mm which is within normal limits and hence cannot be termed as a periodontal pocket 7. Advantages of this technique were minimal anatomic limitations, minor surgical insertion, increased patient comfort, immediate loading, reduced treatment time and no immediate periodontal implications 8. It is recommended to follow Group I subjects in this study for any subsequent increase in distal SD of the uprighted second molars as the subjects grow older and the periodontium fully matures.
